We show that extremal Kerr-Bolt spacetimes have a hidden conformal symmetry. In this regard, we consider the wave equation of a massless scalar field propagating in extremal Kerr-Bolt spacetimes and find in the "near region", the wave equation in extremal limit can be written in terms of the SL(2, R) quadratic Casimir.
Introduction
be removed by identifications of coordinates in the metric. Following [10] we consider the four-dimensional extremal Kerr-Bolt spacetimes and show they have a hidden conformal symmetry. We consider the wave equation of a massless scalar field in the background of extremal Kerr-Bolt spacetimes and in the "near region", we obtain the radial part of wave equation. Then in a new conformal coordinates we obtain the quadratic Casimir of SL(2; R). The crucial observation is that these Casimir, when written in term of coordinates ϕ, t and r reduces to the radial equation of massless scalar field. After that we obtain the macroscopic entropy of the extremal Kerr-Bolt spacetimes. Moreover we find the absorption cross section of a near-region scalar field matches to the microscopic cross section in dual CFT.
Extremal Kerr-Bolt black hole
In this section, we give a brief review of the Kerr-Bolt black hole [13] . Its metric takes the following form in Boyer-Lindquist type coordinates
which are exact solution of the Einstein equations. The event horizons of the black hole are given by the singularities of the metric function which are the real roots of ∆ r = 0. The rang of θ depends strongly on the values of the NUT charge n, the rotational parameter a and the cosmological constant Λ = 3 l 2 , taken here to be positive for dS and negative for AdS. When l −2 = 0, the above metric reduces to [13] 
Now we consider a bulk massless scalar field Φ propagating in the background of (3). The Klein-Gordon(KG) equation
can be simplified by assuming following form of the scalar field
The near region, which is the crucial region for demonstrating the origin of conformal structure, is defined by
Following in this background, the radial wave equation reduces to following equation
Let us consider the extreme Kerr-Bolt black hole. In this case the Hawking temperature is vanishing, ∆ = (r − r + ) 2 , r + = M and M 2 = a 2 − n 2 . In the low frequency limit, we have the radial equation as
Hidden conformal symmetry
Following [10] we now show that equation (10) can be reproduced by the introduction of conformal coordinates. We will show that for massless scalar field Φ, there exist a hidden SL(2, R) conformal symmetry acting on the solution space. We can read out the left temperature of dual conformal field theory (in the extremal limit we have only the left sector). We introduce the conformal coordinates
Now we can define the vector fields
and
Which each satisfy the SL(2, R) algebra
The quadratic Casimir is
The crucial observation is that these Casimir, when written in term of ϕ ,t and r reduces to the radial equation
where A = 2πT L α 1 − 2n L β 1 and ∆ = (r − r + ) 2 . The equation (10) could be rewritten as the SL(2, R) Casimir (23) with the identification
The identification of T L and n L are in consistence with existing result [12] . We can directly calculate all the SL(2, R) generators in terms of black hole coordinates
Actually there exist one degree of freedom γ 1 to define the vector fields, without affect the form of Casimir.
Real-time correlator
The radial equation of the extremal Kerr-Bolt black holes take the form
where l is a r-independent parameter contributing the conformal weight. With the ansatz (7), the radial equation can be written as
where
, we get the equation
This equation has the solution
are two linearly independent solution, F is the Kummer function and could be expand in two limits.
Near horizon
2. When r goes asymptotically to infinity, z → 0, F → 1. In this case the solution has asymptotically behavior,
where h is the conformal weight
where D is a constant. The retarded Green function should be read [14] G
Microscopic description
In the extremal limit, the microscopic entropy comes the left sector and for Kerr-Bolt black holes c L = 12M a, so
in agreement with the [12] . We can determine the conjugate charge from the first low of thermodynamics. We begin with nonzero T H , then take limit to set it to zero. From the first low of thermodynamics,
we get
In the limit T H → 0 the second term turns to zero [10] , we identify
with
Note that the identification (47) is the same as the one found in the study of non-extremal Kerr-Bolt black holes. The retarded Green function in extremal Kerr-Bolt black holes should be rewritten as
In a two-dimensional conformal field theory, the two-point functions of the primary operators are determined by the conformal invariance [10] . The retarded correlator gives the Euclidean correlator with this relation:
At finite temperature, ω L,E take discrete value of the Matsubara frequency
The momentum space Euclidean correlator is given by [10] :
The real-time correlator (49) is obviously in agreement with the CFT prediction [10] .
Conclusion
In this paper, we studied the hidden conformal symmetry of extremal KerrBolt black holes. We solved the wave equation of a massless scalar field in the background of extremal Kerr-Bolt spacetimes and find in the "near region", the wave equation can be written in terms of the SL(2, R) quadratic Casimir. In another term the quadratic Casimir when written in term of coordinates ϕ, t and r reduces to the radial equation of massless scalar field. In the previous paper [12] we considered the four-dimensional Kerr-Bolt spacetimes and have shown they have a hidden conformal symmetry. In the extremal case we could not use the previous conformal coordinates as we have used in [12] . In the extremal case the Hawking temperature is vanishing. Therefore, only the left (right) temperature of the dual CFT is non-vanishing and the excitations of the other sector are suppressed. In the present paper we have done our job by using the new conformal coordinate, where first time introduced in [10] . So according to this results there exist dual CFT description of extremal Kerr-Bolt black holes. Also the macroscopic entropy and the absorption cross section of a near-region scalar field match precisely to that of microscopic dual CFT side.
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